Bronchial hyper-responsiveness (BHR) is a feature of asthma which can also be found in patients with allergic or nonallergic rhinitis although the exact mechanism is not clear.
Background
Bronchial hyper-responsiveness (BHR) is a feature of asthma which can also be found in patients with allergic or nonallergic rhinitis although the exact mechanism is not clear.
Objective
The aim was to investigate the relationship between nasal eosinophilia and BHR in patients with allergic rhinitis. Patients and methods A total of 26 patients with rhinitis were divided into two groups based on positive exercise challenge test for BHR. Nasal smears and blood samples were obtained to test for nasal eosinophilia and total serum immunoglobulin E, respectively. Results A higher percentage (50%) of patients with BHR demonstrated nasal eosinophilia compared with the group of patients with no BHR (17%).
Conclusion
This study demonstrates further evidence of the tight relationship between upper and lower respiratory tract in allergic disease.
Introduction
Nasal eosinophilia is a common finding in both allergic and nonallergic rhinitis. It causes persistent inflammation and increases nasal hyperactivity. Several studies have shown a similar immunopathology in both upper and lower airway in allergic patients, thus the term 'united airway disease' was used [1] . Bronchial hyper-responsiveness (BHR) or increased airway resistance is a feature of asthma. It can also be found in patients with rhinitis, although the exact mechanism is not clear. The aim of this study was to investigate the relationship between nasal eosinophilia and BHR in patients with allergic rhinitis, which might explain the immunopathology of BHR in these patients based on the united airway theory.
Patients and methods
The study was carried out between January 2014 and January 2015. A total of 26 patients were recruited from the allergy and immunology outpatients in Ain Shams University Hospitals after approval of the institutional and ethical review board was obtained. An informed consent was obtained from all participants. All patients had a clinical diagnosis of persistent rhinitis based on symptoms of rhinorrhea, nasal obstruction, nasal itching, and sneezing present more than 4 days a week for more than 4 weeks.
Exclusion criteria included previous diagnosis of asthma or presence of symptoms or signs suggestive of asthma, concurrent nasal or chest infection, medication-induced rhinitis, comorbid chest or heart diseases, or structural nasal abnormalities.
All patients were subjected to full history and examination to confirm the diagnosis and rule out any of the exclusion criteria. A symptom severity score was used to evaluate nasal symptoms over a period of 10 days. Each patient was asked to score symptoms of nasal obstruction, nasal itching, rhinorrhea, and sneezing as follows: 0=absent, 1=mild symptoms present but not troublesome, 2=moderate symptoms that are troublesome but do not interfere with normal activity or sleep, and
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3=severe symptoms that interfere with normal activity or sleep.
Patients included in the study had the following tests: skin prick test (SPT), blood test for total serum immunoglobulin E (IgE) and eosinophil count, nasal smear, as well as exercise challenge test (ECT) for diagnosis of BHR.
Skin prick test
SPT was performed to identify sensitization in the patients, using a common panel including house dust mite, grass and tree pollen, aspergillus, and cat and dog hair. Positive and negative controls were histamine and normal saline, respectively. A wheal diameter of 3 mm or greater than that obtained with control solution was considered as positive.
Nasal smear and total immunoglobulin E level
Nasal smear for cell count was obtained using a straight cotton swab passed along the floor of the nose under the inferior turbinate. The slides were air dried and stained with Giemsa stain and examined under high power using light microscopy by an experienced hematologist, who was blinded to the clinical symptoms of the patients. Eosinophil count was expressed as a percentage of the total cells. A nasal smear was considered positive for eosinophilia if the percentage of eosinophils was more than 5% of total leukocytes [2] .
Patients were divided according to total IgE level to either normal if less than or equal to 75 kU/l or high if greater than 75 kU/l.
Exercise challenge test
ECT was performed using treadmill to achieve 4-6 min of exercise at 80-90% of the predicted maximum heart rate (220-age in years) monitored using pulse oximetry. BHR was considered positive in patients who has more than 20% decrease in forced expiratory volume in 1 s after exercise. 
Results
A total of 26 consecutive patients were included in the study. All patients were atopic according to SPT. Patients were divided according to ECT into two groups: group I (negative BHR) 18 patients and group II (positive BHR) eight patients. Both groups were compared regarding demographic data, disease severity score, serum total IgE level, and eosinophilic count ( Table 1 ).
The correlation between both nasal eosinophilia and total IgE levels and presence of BHR did not show a statistically significant result, but a higher percentage of patients in group II with BHR had positive smears for nasal eosinophilia (Tables 2 and 3 ).
Discussion
Rhinitis affects ∼10-25% of the world population [3] .
It significantly affects quality of life of patients of all ages. Rhinitis also represents a risk factor for developing asthma. Earlier studies show that patients with allergic rhinitis and no history of asthma develop bronchoconstriction and produce inflammatory cells and mediators in bronchoalveolar lavage fluids when challenged with inhaled allergens [4] .
The clinical severity of rhinitis affects BHR in the airway. However, Canbaz et al. [3] only reported a statistically insignificant difference in nasal symptom score between those patients with and without BHR.
The correlation between clinical severity of allergy and nasal smear eosinophilia was first emphasized by Eyermann. Overall, 72% of the patients included in this study, all diagnosed with allergic rhinitis, demonstrated eosinophilia in nasal smears obtained from the middle turbinate [5] . Amperayani and Kuravi [6] demonstrated similar findings in 50 children with an increase in nasal eosinophilia with the increasing severity of allergic rhinitis.
The present work studied the relation between nasal eosinophilia in patients with allergic rhinitis and their bronchial reactivity. Our results showed that half of the patients in group II (50%) with BHR had a positive nasal smear for eosinophilia compared with only 17% of group I patients who had no BHR. This result, although not statistically significant in our study, suggests a relationship between nasal eosinophilia and BHR, which supports the concept of a tight link between upper and lower airways involvement in respiratory allergy. We suspect that our results did not show a statistical significance owing to the relatively small sample size.
Our findings correlate with Canbaz et al. [3] findings who reported a relationship between nasal eosinophilia and BHR in patients with persistent perennial rhinitis.
In their study, the percentage of eosinophilia in nasal smears correlated with the presence of BHR in patients with rhinitis [3] . Similarly, Sale et al. [7] reported an association between nasal eosinophilia count and BHR in atopic children. In a study involving 11 children allergic to house dust mites, Silvestri et al. [8] also demonstrated a strong correlation between BHR and nasal eosinophilia both before and after challenge test using nasal allergens.
An epidemiological survey done on 308 school children showed that 26% had positive nasal eosinophils on a smear. Children with positive nasal eosinophilia had higher nasal symptoms, and similar to the findings in our study, they had a statistically insignificant difference in BHR. However, they reported a statistically significant difference in BHR when they compared children without nasal eosinophilia with those with greater than 50% nasal eosinophilia [9] .
This study did not find a relationship between total IgE and bronchial reactivity. This finding is similar to that reported by Canbaz et al. [3] in their work. Similarly, Munoz-Lopez [10] reported no significant difference in serum IgE among patients with different degrees of BHR. In the work by Modrzynski and Zawisza [11] , participants with BHR on exercise test had higher levels of nasal eosinophilia, whereas there was no correlation with serum IgE levels.
Conclusion
This work demonstrates further evidence of a close relationship between nasal eosinophilia and BHR. This study may be used as preliminary work for an extended one with large number of patients to clarify the exact relation between rhinitis, either allergic or nonallergic, and BHR.
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